ABSTRACT: Marshmallow is an important medicinal plant in Serbia. Because of increasing demands on the market, cultivation has been started. Through regular quality control of commercial seeds and plantations, mycopopulation of marshmallow was recorded in the period [2000][2001][2002][2003][2004][2005][2006]. Seeds of marshmallow were dominated by Alternaria alternata and species from the genus Fusarium (Fusarium verticillioides, F. proliferatum, F. semitectum, F. oxysporum and F. solani). Species belonging to Fusarium genus are the cause of rot of seeds and roots of marshmallow, causing chlorosis and fading, and therefore deterioration and necrosis of plants, as well as decrease of seed germination of seeds. Leaves and stalks of marshmallow were from time to time under massive attack of Puccinia malvacearum, and that was the reason why leaves were unuseful as a herbal drug. On roots and lower part of the stalks, massive appearance of Sclerotinia sclerotiorum, a causal agent of the white rot, in cases when marshmallow was cultivated after sunflower, was recorded, too. From other fungi in roots, species belonging to the genus Fusarium (F. oxysporum, F. solani and F. verticillioides) were dominant.
INTRODUCTION
Marshmallow has been used in popular medicine from ancient times. As a perennial plant, it is characterised by branchy root system and could reach the height of 1.5-2 meters. It is cultivated because of medical properties of roots (Althaeae radix), leaves (Althaeae folium) and flowers (Althaeae flos). That was the reason why the Institute for Medicinal Plant Research "Dr Josif Panåiã" started the cultivation of marshmallow in cooperation with other producers, as well as on its own land.
The plantations of marshmallow were exposed to attack of a number of phytopathogenic fungi in different stages of plant development, during the vegetation. Numerous fungal diseases in our country decrease the yield and quality of herbal raw material every year.
Marshmallow is the host of a dozen fungal species in our country (P av l o v i ã and S t o j a n o v i ã, 2001; P a v l o v i ã et al., 2002; P a v l o v i ã et al., 2006) . Considering the relatively poor scientific data recorded so far about the diseases of marshmallow in our country, the present study was carried out with the aim to get better insight into mycoflora of seeds, overground and underground parts of this medicinal plants.
MATERIAL AND METHODS

Sampling.
Plantations of marshmallow were examined at the localities of Panåevo, Banatsko Novo Selo, Ruma and Zrenjanin for several times, during the vegetation, in the period [2000] [2001] [2002] [2003] [2004] [2005] [2006] . Plant parts expressing pathological changes were collected, packed into paper bags, and transferred to laboratory for further testing. Samples of seed were collected from the plantation subjected for marshmallow seeds production in Panåevo.
Isolation. Isolation of fungi from the seeds was carried out according to the procedure supplied by ISTA (M a t h u r and K o n g s d a l, 2003), using methods for incubation on filter paper and nutritive medium. These methods were applied to 4600 seeds. After incubation of seeds for 5-10 days, formed mycelia were transferred to PDA and WA with carnations leaves (CLA). From collected samples of leaves, leaf stalks, stems and roots, isolation was accomplished in common manner, taking fragments from the zones between healthy and diseased tissues. Before transferring to PDA, plant material was sterilised by 2% of NaOCl solution during 2 minutes, washed with distilled water, and incubated for 7-10 days at 25°C ± 1°C. Formed fungal colonies were again put on PDA, to get clean cultures and for further characterization of fungal isolates. The collection of 53 Fusarium isolates, 4 Alternaria isolates, 2 Phoma isolates and 2 Sclerotinia isolates, was formed and was chosen for determinations.
Morphological characteristics of fungi. The morphology of fungi was evaluated on natural substrate and nutritive media. Growth of colonies of Fusarium spp. was measured on PDA after incubation for 3 days, at 25°C and 30°C. To stimulate developed sclerotia to form apotetia and ascospora, cooling in refrigerator to +4°C was applied. After 30 days, sclerotia were put to wet filter paper at laboratory temperature. Morphological characteristics of obligatory pathogens (Puccinia malvacearum) were tested on the fresh material only.
Determination of fungi. Determination of fungi was conducted on the basis of morphological, biometric, and growing properties of the tested fungi, taking into account registered symptoms of the disease, described by N e l s o n et al. 
RESULTS
1.
Alternaria alternata (Fr. ex Fr.) Keissel was the most abundant fungus in commercial marshmallow seeds. From total number of tested seeds, on average 45,6% of seeds (22-78%) were attacked by this fungus, and the range of infection was 22-78%. On the seed this fungos forms white aerial mycelium that later becomes dark grey, and may cover the whole seed, causing mechanical inhibition of germination. On PDA it develops fast, filling the Petri dish within 7-10 days. Aerial mycelium is olive-greyish, more abundant in the middle, while the edges are wavy and white. Conidiophores are simple, septate, dark. Conidia are formed in long branched chains, dark, different in shape, with or without beaks.
This fungus was isolated from dark, elongated (up to 1 cm), necrotic flakes formed at root necks of marshmallow originating at the localities of Panåe-vo, Banatsko Novo Selo and Inðija. At root and stem, this fungus is often found in combined infection with species from the genus Fusarium.
2. Fusarium verticillioides (Sacc.) Nirenberg was isolated from 9% of seeds, stems and roots of marshmallow. On seeds, this species forms white, abundant, woolly mycelia, with blue nuances. Around diseased seed, filter paper is coloured ink-blue. At the lower part of the stem, filthy white to beige colouring of mycelia of velvet consistency or white mycelia which covers bigger part of the root, can be observed. Diseased root is grabbed by dry or wet rot, because of necroses of conductory vessels.
Colonies on PDA are abundant, velvet-like, woolly, white at the beginning later decorated with different nuances of violet. There are variabilities between the isolates, regarding the colour of mycelia and nutritive medium. An average radius of 35 mm at 25°C, and 37,5 mm at 30°C was recorded. Macroconidia are abundantly formed at tips of monophialides, in longer or shorter chains ( Fig. 1) , or in false heads, after three days of growing on media. These are hyaline, obovoid with truncate base, not-septated, rarely with one septum. Macroconidia are formed in monophialides in pale orange sporodochia on CLA, rarely in hyphae, hyaline, delicate, somewhat folded, almost cam, with 3-5 septa, with apical cell narrowed and foot-shaped basal cell. None of the isolates formed chlamidospores.
F. proliferatum (Matsuhima)
Nirenberg was recorded in all tested seed samples, an average 7% of the seeds were infected, and isolated from marshmallow root samples from all the localities. Aerial mycelium colonies on PDA were at first white, abundant, woolly, loose on the edges. Isolates of F. proliferatum may vary regarding the colour of aerial and substrate mycelium. An average increase of colonies of 35 mm at 25°C, and 37 mm at 30°C was recorded. Microconidia on CLA are usually formed on mono or polyphialides, in chains or in false heads (Fig. 2) . They are hyaline, single celled, rarely with one septa, obovoid with truncate bases. Macroconi- dia are rarely formed in monophialides and sporodochia. Sporodochia are pale orange, formed after 7-10 days of growing on CLA, in intermittent UV light/dark conditions (12/12 h). Macroconidia are hyaline, long, falcate to almost straight, delicate, thin walled, with 3-5 septa. Basal cell is foot-shaped.
Chlamidospores were not present in any of the isolates. 4. F. semitectum Berk. & Rav produces abundant, woolly, beige coloured aerial mycelium around the seed on moist filter paper. On average 3% of the seeds were infected. Still, the infection does not stop the germination, but soon it causes the coverage of whole seed by mycelium, which leads to seed wilt. An average radius of colonies of 40, 5 mm at 25°C, and 39, 5 mm at 30°C was recorded. Colonies on PDA with abundant, rich, woolly, aerial mycelium, initially white to salmon, becoming peach colour with age. Substrate mycelium is of peach colour, or pale to dark brown pigment which develops in the agar. Microconidia are rarely produced. Macroconidia are formed in polyphialides ( Fig. 3 and 4) in aerial mycelium on CLA, just 4 days after the inoculation. These conidia are straight, rarely slightly curved, spindle-shaped at the ends with 3-5, rarely 6-7 septa. Chlamidospores were present in all the isolates.
5.
Fusarium oxysporum Schecht. Emend. Snyder & Hansen was present on 4% of the marshmallow seed. It forms rich, abundant, snow-white mycelium that covers the whole seed. Around diseased seed filter paper is coloured ink-blue. Especially heavy contamination of root by these fungi was observed at the locality of Banatsko Novo Selo, during 2005, causing fading and deterioration of shoots. The cross section of the diseased root clearly shows the necrosis of vessel elements (Fig. 8) . The leaves of the diseased plants become yellow and fade, so the root becomes unuseful as a herbal drug.
Simultaneously, there is a great variability between the same isolates, regarding the morphology of the colonies and pigmentation of media. An ave- rage radius of 40,36-41,18 mm at 25°C, and 40,81-40,90 mm at 30°C was recorded. Some isolates form stromatic-like bodies, resembling the peritecia. Microconidia (Fig. 5) are abundantly formed in false heads on short monophialides (Fig. 7) on CLA, four days after growing. Macroconidia (Fig. 6 ) in monophialides are formed on mycelium, but mainly in dark sporodochia that are hyaline, single celled or with one septa, oval to ellipsoid or kidney shaped. Macroconidia covered with mycelium on CLA, after seven days, and on PDA, in older cultures. They are hyaline, sometimes slightly sickle-shaped, apical cell narrowed, with 3-5 septa. Each isolate formed chlamidospores (Fig. 11  and 12 ) during the autumn 2005. White, flourish mycelium was formed on the root within the dark brown, almost black necrotic tissue. With few plants, necroses took over the whole root. In these cases, leaves are chlorotic and die.
Colonies are with white, rare, zoned aerial mycelium, with slightly wavy edges. Pigmentation at the centre was filthy white to beige, almost white toward outside. An average radius of colonies of 24,8 mm at 25°C, and 29,6 mm at 30°C was recorded.
F. solani on CLA produces microconidia, macroconidia and chlamidospores ( Fig. 9 and 10) . Microconidia are abundantly formed in false heads on long monophialides. They are hyaline, single celled or with 1-2 septa, oval to ellipsoid or kidney shaped. Macroconidia are formed on monophialides in dark sporodochia (on PDA) on older cultures or on mycelium (on CLA) 7 days after growing. Macroconidia are hyaline, sometimes slightly sickle-shaped, apical cell narrowed, with 3-7 septa. Each isolate has abundantly formed chlamidospores.
7.
Puccinia malvacearum Mont. causal agent of the rot on the leaves and stalks of marshmallow was detected at the localities of Panåevo, Banatsko Novo Selo and Alibunar, and on wild-growing plants of both types of marshmallow near Belgrade as well.
During the first part of May, on the upper side of the leaves, pale yellow chlorotic spots, 0,5-3 mm in radius, were recorded, and inside of the leaves, covered with warts teliosorusy with orange-brown coloured teliospores, which later became dark purple. Over 100 of teliosoruses could be formed on a single leave. Teliosoruses formed on leaf stalks and stems are rare and less, they join together, so they become straigh. In a case of heavy attack, the leaves fade and die, that inhibits the production of quality herbal raw material for pharmaceutical needs.
Teliospores are formed as double cells, on long stalk, spheroidly alternated, pale yellow, with smooth, thick walls (Fig. 13) . Lower cell is wider, and upper cell is slightly oval, sometimes apical narrowed. Teliospores can germinate only after being put under influence of alternating low and high temperatures under natural conditions. 8. Sclerotinia sclerotiorum (Lib.) de Bary was detected only on a private plantation near Bela Crkva (Banatsko Novo Selo), where marshmallow was cultivated after sunflower during July and August 2001. Pathogen attacks the root, neck of the root and stem, at first forming dark water-like spots. Within these spots, an abundant, white mycelium is developed, and later dark to black, large sclerotia. Under wet conditions, the lesions are growing fast, taking over the plant ring by ring, causing fading and actual deterioration of plants. Sclerotia are formed in the stem core of the diseased plant. Mycelium is taking over flower branches too, spreading the infection onto the seed.
Fungi produce sclerotia after 10 days of growing on PDA. They are alternated as spheroid to irregular shape, 2-5 mm in radius. Sclerotia form apotetia ( Fig. 15 ) with ascus and ascospora (Fig. 16 ), after it was kept for 60 days on wet filter paper at laboratory temperature.
9. Phoma sp. was isolated from ground part of marshmallow stem, originating from Zrenjanin. On the stem dark, oval spots are formed and joined together. Tissue within the spots is creaking, thus forming numerous pycnidia. At first, aerial mycelium is white, later, in central part, the colour is changing to dark. Numerous individually, concentrically placed pycnidia are formed on PDA after 10 days (Fig.14) . Pycnidiospores are small, hyaline, single celled, straight, ellipsoid or egg--shaped.
Besides the previously mentioned fungi, some other fungi from genera Epicoccum, Cladosporium, Penicillium, Aspergillis and Rhizopus were also isolated from the marshmallow seed. They were present in low percentage (1-4%). 
RESULTS AND DISCUSSION
Fourteen species from 10 genera were identified on the seed, leaf, stem and root of marshmallow. Because of the rich content of nutritional material, the seed presents the adequate substrate for growth. The dominant population on the seed are fungus from the genus Alternaria (22-78%) and Fusarium (18-25%), and in smaller percentage (1-4%) fungus from the genera Phoma, Epicoccum, Cladosporium, Penicillium, Aspergillis and Rhizopus.
Alternaria alternata is constantly present on the seed. It is also isolated from dark spots on the root, where it most often combines with the species from the genus Fusarium. The genus Alternaria forms different groups of isolates, from genuine saprophytes, facultative pathogens to virtual, for the host specific pathotypes (S c h e f f e r, 1992). O t a n i and K o h m o t o (1992) state that isolates of A. alternata have the capability of invading the herbal tissue, that leads to a disease on numerous hosts. In our country it was identified on chamomile, feverfew, valerian and balm.
Five species from genus Fusarium (Fusarium verticilloides, F. proliferatum, F semitectum, F. oxysporum and F. solni) were isolated from seed of marshmallow. The diseased seed is small and poor, with changed colour. Parts of germinated seeds fade and die. Fusarium proliferatum, F. oxysporum and F. solani often attack marshmallow root, causing its deterioration. Morphological characteristics of the obtained isolates of Fusarium spp. (appearance, micro and macroconidia, way of formation, presence or absence of chlamidospores) originating from marshmallow, as well as huge variability regarding the colour and pigmentation of nutritive medium, were in good agreement with the description of other authors (N e l s o n et al., 1983; B u r g e s s et al., 1994).
Mallow rust (Puccinia malvacearum) is known as a disease of wild growing mallow (Malva silvestris L.) found at several localities in Serbia ( S t o j a n o v i ã and K o s t i ã, 1956). As a host of that pathogen in Montenegro Malva rotundifolia and Althaea rosea were reported (M i j u š k o v i ã, 1956).
In Serbia none of the species belonging to the genus Phoma were recorded, though S u t t o n (1980) quoted Althaea rosea as its host.
Moist rot was recorded only in one case, when marshmallow was cultivated after sunflower culture, that is the main host of Sclerotinia sclerotiorum ( M a r i ã et al., 1988) . Damages were highly present since all the diseased plants deteriorated during the vegetation. Pathogen sclerotia are able to retain vitality in soil for a very long period of time (3-8 years), so, from this reason crop rotation by cultivation of marshmallow should be taken into account. Three-year lasting crop rotation in beans did not reduce the disease severity ( S c h w a r t z and S t e a d m a n, 1977). Åetrnaest vrsta gqiva iz 10 rodova identifikovano je na semenu, listu, stablu i korenu belog sleza. Sa semena su izolovane sledeãe vrste: Alternaria alternata i pet vrsta roda Fusarium (F.verticillioides, F. proliferatum, F. semitectum, F. oxysporum i F. solni) , a u mawem procentu (1-4%) gqive iz rodova Epicoccum, Cladosporium, Penicillim, Aspergiluis i Rhizopus. Vrste roda Fusarium prouzrokuju truleÿ semena i korena sleza, dovode do hloroze i uvenuãa, a samim tim i do ugiwavawa biqaka i utiåu na smawewe klijavosti semena. Listovi i stablo belog sleza su 2002. godine bili masovno su inficirani sa Puccinia malvacearum, zbog je åega lišãe bilo neupotrebqivo kao biqna droga. Vlaÿna truleÿ registrovana je samo u jednom sluåaju kada je beli slez gajen nakon suncokreta. Pošto sklerocije patogena zadrÿavaju vitalnost u zemqištu više godina, u proizvodwi belog sleza potrebno je voditi raåuna o plodoredu.
